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(57) ABSTRACT 
Disclosed is an electrode active material comprising: (a) 
electrode active material particles capable of lithium inter 
calation/deintercalation; and (b) a multinary oxide coating 
layer partially or totally formed on the surface of the 
electrode active material particles, the multinary oxide coat 
ing layer comprising Al, P and a halogen element. A method 
for preparing the electrode active material, an electrode 
using the electrode active material, and an electrochemical 
device comprising the electrode, preferably a lithium sec 
ondary battery, are also disclosed. The electrode active 
material comprising a multinary oxide coating layer has 
improved structural stability and thermal safety, and thus can 
provide an electrochemical device having high capacity, 
long service life and excellent safety. 
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ELECTRODE ACTIVE MATERIAL WITH 
MULTI-ELEMENT BASED OXIDE LAYERS AND 

PREPARATION METHOD THEREOF 

[0001] This application claims the bene?t of the ?ling date 
of Korean Patent Application No. 10-2004-0070094, ?led 
on 2. Sep. 2004, in the Korean intellectual Property Of?ce, 
the disclosure of Which is incorporated herein in its entirety 
by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to an electrode active 
material comprising a multinary oxide coating layer, a 
method for preparing the same and an electrode comprising 
the above electrode active material. Also, the present inven 
tion relates to an electrochemical device, preferably a 
lithium secondary battery, including the above electrode and 
thus shoWing high capacity resulting from the application of 
high voltage, long service life, excellent structural stability 
and thermal safety. 

BACKGROUND ART 

[0003] Since lithium secondary batteries have been com 
mercialiZed, the most important object in research and 
development into batteries is to provide a cathode active 
material shoWing excellent electrochemical characteristics 
including high capacity and long service life. In addition to 
the above electrochemical characteristics, it is urgently 
required for a cathode active material to have excellent 
thermal safety so that a battery system can ensure the safety 
and reliability even under abnormal conditions such as 
exposure to heat, combustion or overcharge. 

[0004] Cathode active materials currently used in lithium 
secondary batteries include composite metal oxides such as 
LiCoO2, LiMn2O4, LiNiO2, LiNil_XCoXO2 (0<x<l), 
LiMnO2, etc. Among those, Mn-containing cathode active 
materials such as LiMn2O4, LiMnO2, etc., have advantages 
in terms of processes for the preparation thereof and cost 
needed for the preparation thereof. HoWever, such Mn 
containing cathode active materials are disadvantageous in 
that they shoW loW discharge capacity. On the contrary, 
although LiCoO2 is a typical cathode active material used in 
most commercially available batteries by virtue of its excel 
lent conductivity, high voltage and excellent electrode char 
acteristics, it is not cost-ef?cient. MeanWhile, a Ni-contain 
ing cathode active material, LiNiO2, shoWs the highest 
discharge capacity among the above-described cathode 
active materials. HoWever, LiNiO2 are problematic in that it 
shoWs rapid degradation in terms of service life and signi? 
cantly poor high-temperature characteristics compared to 
other cathode active materials. 

[0005] The above-described cathode active materials are 
lithium intercalation compounds Whose structural stability 
and capacity are determined by lithium ion intercalation and 
deintercalation. As a charge voltage increases, capacity of 
such a lithium intercalation compound increases, While the 
compound becomes structurally unstable, resulting in a 
rapid drop in the thermal safety of an electrode. More 
particularly, such cathode active materials in a charged state 
shoW a rapid drop in bonding force betWeen metal ions and 
oxygen atoms, When the internal temperature of a battery 
exceeds the critical temperature due to internal or external 
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factors. Therefore, oxygen is decomposed and liberated 
from such unstable cathode active materials as shoWn in the 
folloWing reaction scheme: 

[0006] The free oxygen shoWs high heat-emission prop 
erty, thereby causing a thermal runaWay phenomenon. Fur 
ther, the free oxygen may cause a highly exothermic reaction 
With an electrolyte in the battery, resulting in explosion of 
the battery. Therefore, initiation temperature and heat How 
of the reaction, in Which oxygen is liberated, should be 
controlled in order to ensure the battery safety. 

[0007] In one method suggested for controlling the above 
heat How and initiation temperature, a cathode active mate 
rial is prepared through a pulveriZation process and classi 
?cation process so as to control the surface area of the 
resultant active material. The average voltage range of an 
active material having a small particle siZe is not affected by 
current density (C rate), because the active material has a 
large surface area. On the other hand, an active material 
having a large particle siZe shoWs a small surface area, and 
thus shoWs an increased surface polarity When it is subjected 
to high rate charge/discharge, resulting in a drop in average 
voltage range and capacity. 

[0008] In order to improve the safety of a cathode active 
material during charge/discharge cycles, a method for dop 
ing a Ni-based or Co-based lithium oxide With a different 
element Was suggested. For example, Japanese Laid-Open 
Patent No. 12-149945 discloses an active material for 
improving the quality of LiNiO2, the active material being 
represented by the formula of LiNiXMyCoZO2 (Wherein M is 
at least one selected from Mn and Al, and x+y+Z=1). 

[0009] Another method for improving the safety of a 
cathode active material is based on surface modi?cation of 
a cathode active material. For example, Japanese Laid-Open 
Patent No. 9-55210 discloses a cathode active material 
obtained by coating a lithium nickel-based oxide With an 
alkoxide of Co, Al or Mn, folloWed by heat treatment. 
Additionally, Japanese Laid-Open Patent No. 11-16566 dis 
closes a lithium-based oxide coated With a metal selected 
from the group consisting of Ti, Sn, Bi, Cu, Si, Ga, W, Zr, 
B and Mo, or an oxide thereof. 

[0010] HoWever, the above methods according to the prior 
art cannot increase the initiation temperature Where the 
surface of a cathode active material reacts With an electro 
lyte (i.e., the exothermic reaction temperature Where the 
oxygen bonded to the metal in the cathode active material is 
liberated). Moreover, the above methods cannot decrease the 
amount (heat How) of oxygen decomposed by such reac 
tions. Ultimately, cathode active materials according to the 
prior art cannot improve the safety of a battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and other objects, features and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description When taken 
in conjunction With the accompanying draWings in Which: 

[0012] FIG. 1 is a photograph taken by TEM (Transmis 
sion Electron Microscope), Which shoWs the electrode active 
material comprising a multinary oxide coating layer accord 
ing to Example 1; and 
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[0013] FIG. 2 is a graph showing the results of DSC 
(Differential Scanning Calorimetry) for each of the lithium 
secondary batteries according to Example 1, Example 2 and 
Comparative Example 1. 

DISCLOSURE OF THE INVENTION 

[0014] Therefore, the present invention has been made in 
vieW of the above-mentioned problems. We have found that 
When a multinary oxide coating layer comprising a combi 
nation of Al, P and a halogen element is formed on the 
surface of electrode active material particles capable of 
lithium intercalation/deintercalation, it is possible to solve 
the problem related With the structural instability of an 
electrode resulting from progress of lithium intercalation 
during a charge cycle, as Well as to inhibit decomposition of 
oxygen and to prevent the heat emission caused by a reaction 
of betWeen free oxygen and an electrolyte, thereby improv 
ing the thermal safety at the same time. 

[0015] It is an object of the present invention to provide an 
electrode active material comprising a multinary oxide coat 
ing layer, an electrode using the same electrode active 
material, and an electrochemical device, preferably a lithium 
secondary battery, comprising the same electrode. 

[0016] It is another object of the present invention to 
provide a surface modi?cation method for improving the 
structural stability and thermal safety of a cathode. 

[0017] According to an aspect of the present invention, 
there is provided an electrode active material comprising: (a) 
electrode active material particles capable of lithium inter 
calation/deintercalation; and (b) a multinary oxide coating 
layer partially or totally formed on the surface of the 
electrode active material particles, the multinary oxide coat 
ing layer comprising Al, P and a halogen element. There are 
also provided an electrode using the same electrode active 
material and an electrochemical device, preferably a lithium 
secondary battery, including the same electrode. 

[0018] According to another aspect of the present inven 
tion, there is provided a method for preparing an electrode 
active material comprising a multinary oxide coating layer, 
the method comprising the steps of: (a) dissolving an 
aluminum precursor compound, phosphorus precursor com 
pound and a halogen precursor compound into a solvent to 
provide a coating solution; (b) adding electrode active 
material particles to the coating solution obtained from step 
(a) and stirring the resultant mixture to cause the electrode 
active materials to be coated With the coating solution; and 
(c) heat treating the electrode active material coated in step 
(b) 

[0019] According to still another aspect of the present 
invention, there is provided a method for manufacturing an 
electrode comprising a multinary oxide coating layer, the 
method comprising the steps of: (a) dissolving an aluminum 
precursor compound, phosphorus precursor compound and a 
halogen precursor compound into a solvent to provide a 
coating solution; (b) applying the coating solution to the 
surface of a pre-formed electrode or mixing the coating 
solution With electrode materials to provide an electrode; 
and (c) drying the electrode. 
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[0020] Hereinafter, the present invention Will be explained 
in more detail. 

[0021] The present invention is characterized in that a 
multinary oxide coating layer is formed on the surface of 
electrode active material particles capable of lithium inter 
calation/deintercalation, Wherein the multinary oxide coat 
ing layer improves structural stability of the electrode so as 
to permit high-voltage charging/discharging, as Well as 
improves thermal safety of the electrode active material 
under heat exposure conditions. 

[0022] (1) Conventional electrode active materials, par 
ticularly cathode active materials experience a rapid drop in 
structural stability When the lithium deintercalation amount 
increases during repeated charge/discharge cycles under 
high voltage conditions. As a result of this, bonding force 
betWeen a metal and oxygen in a lithium-containing metal 
composite oxide is Weakened. Therefore, When a battery 
using the conventional electrode active material is exposed 
to heat generated due to external and/or internal factors, 
oxygen is liberated and thus the battery may be ignited. 

[0023] HoWever, the electrode active material according 
to the present invention can improve the structural stability 
of an electrode, because the multinary oxide coating layer 
formed on the surface of electrode active material particles 
shoWs excellent doping capability, maintenance and bonding 
force With oxygen. Therefore, the electrode active material 
according to the present invention can provide a battery With 
excellent overall qualities, including high capacity and long 
service life. Additionally, the multinary oxide coating layer 
can inhibit liberation of oxygen by virtue of its strong 
bonding force With oxygen even under a signi?cantly loW 
content of lithium ions during a charge cycle. Therefore, it 
is possible to prevent a rapid increase in temperature caused 
by a reaction betWeen oxygen and an electrolyte, thereby 
contributing to improvement in the thermal safety of a 
battery. 
[0024] (2) Additionally, the multinary oxide coating layer 
may be present in an amorphous form, crystalline form or a 
mixed form thereof. Particularly, When the outermost layer 
of the coating layer is amorphous, it is possible to inhibit a 
rapid side reaction betWeen an electrode active material 
(particularly, a cathode active material) and electrolyte, and 
to prevent rapid transfer of lithium even under internal short 
circuit conditions. Therefore, the multinary oxide coating 
layer according to the present invention can contribute to 
improvement of battery safety. 
[0025] One component of the multinary oxide coating 
layer partially or totally formed on the surface of electrode 
active material particles according to the present invention is 
a substance that has such a small atom siZe as to facilitate 
doping to the surface of electrode active material particles 
and thus improves the structural stability of an electrode 
during lithium intercalation progress. Preferably, the ?rst 
component is aluminum (A1). 

[0026] Another component of the multinary oxide coating 
layer may be a substance having strong bonding force to 
oxygen. Preferably, the second component is phosphorus 
(P), because phosphorus can inhibit liberation of oxygen 
caused by the structural instability of a lithium intercalation 
compound and can prevent heat emission caused by a 
reaction of free oxygen With an electrolyte, thereby improv 
ing the safety of an electrode (particularly, a cathode). 
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[0027] Still another component of the multinary oxide 
coating layer may be a substance having high electron 
af?nity. Particularly, halogen elements Qi) such as ?uorine, 
chlorine, bromine and iodine are preferred as the third 
component. Because halogen atoms can be bonded strongly 
With oxygen present on the surface of an electrode and With 
incompletely bonded transition metals (for example, Co, 
Mn, Ni, etc.) so that the layered structure of the electrode 
surface can be maintained continuously, they can improve 
the structural stability and thermal safety of an electrode at 
the same time. 

[0028] As described above, a preferred composition of the 
multinary oxide coating layer comprises aluminum, phos 
phorus and a halogen element, the multinary oxide coating 
layer being formed on the surface of electrode active mate 
rial particles to improve the structural stability and thermal 
safety of the electrode. Any compositions having the same 
characteristics and providing the same effects as described 
above may also be used. Additionally, a multinary (higher 
than ternary) coating layer comprising another element in 
addition to the above composition of three elements is also 
included in the scope of the present invention. 

[0029] Preferably, the multinary oxide coating layer par 
tially or totally formed on the surface of electrode active 
material particles is a compound represented by the folloW 
ing formula 1: 

Al HPaXbOM3 [Formula 1] 

[0030] Wherein X is a halogen element, 0<a<l and 0<b<l. 

[0031] The multinary oxide coating layer according to the 
present invention, Which comprises a combination of the 
above-described elements, may be present in an amorphous 
form, crystalline form or a mixed form thereof. Particularly, 
a coating layer present in a mixed amorphous/crystalline 
form is preferred, as described above. Additionally, there is 
no particular limitation in thickness of the multinary oxide 
coating layer and the thickness can be controlled in such a 
range as to improve the structural stability and thermal 
safety of an electrode. 

[0032] Although there is no particular limitation to the 
amount of the compound forming the multinary oxide 
coating layer according to the present invention, it is pref 
erable to use the compound in an amount betWeen 0.1 and 
10 parts by Weight per 100 parts by Weight of an electrode 
active material. If the multinary oxide coating layer is used 
in an amount of less than 0.1 parts by Weight, it is not 
possible to improve the structural stability of an electrode 
(particularly, a cathode) When Li intercalation potential 
increases. On the other hand, if the multinary oxide coating 
layer is used in an amount of greater than 10 parts by Weight, 
charge/discharge capacity of a battery decreases due to a 
relatively small amount of the electrode active material. 

[0033] The electrode active material comprising a multi 
nary oxide coating layer according to the present invention 
may be prepared by using a conventional coating method 
knoWn to one skilled in the art. One embodiment of such 
methods comprises the steps of: (a) dissolving an aluminum 
precursor compound, phosphorus precursor compound and a 
halogen precursor compound into a solvent to provide a 
coating solution; (b) adding electrode active material par 
ticles to the coating solution obtained from step (a) and 
stirring the resultant mixture to cause the electrode active 
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materials to be coated With the coating solution; and (c) heat 
treating the electrode active material coated in step (b). 

[0034] 1) More particularly, in the ?rst step, an aluminum 
precursor compound, phosphorus precursor compound and a 
halogen precursor compound are dissolved into a solvent to 
provide a coating solution. 

[0035] Each of the aluminum precursor compound, phos 
phorus precursor compound and a halogen precursor com 
pound may be an ioniZable and Water soluble or Water 
insoluble compound containing the corresponding element. 
Non-limiting examples of such compounds include alkox 
ide, nitrate, acetate, halide, hydroxide, oxide, carbonate, 
oxalate, sulfate or mixtures thereof, containing each ele 
ment. Particular preferred examples of such compounds 
include aluminum alkoxide, aluminum nitrate, aluminum 
hydroxide, aluminum oxide, aluminum acetate, aluminum 
sulfate, aluminum chloride, aluminum bromide, monodode 
cyl phosphate, diammonium hydrogen phosphate, phospho 
ric acid, etc. Compounds containing at least one of the above 
elements or combinations of the above elements may also be 
used in the present invention. 

[0036] Solvents that may be used in the present invention 
include conventional solvents capable of ioniZation of the 
above compounds. Non-limiting examples of such solvents 
include Water or organic solvents such as alcohols. 

[0037] 2) Next, electrode active material particles are 
added to the coating solution obtained from the preceding 
step and the resultant mixture is stirred to cause the electrode 
active materials to be coated With the coating solution. 

[0038] Cathode active materials that may be used in the 
present invention include conventional cathode active mate 
rials knoWn to one skilled in the art (for example, lithium 
containing composite oxides having at least one element 
selected from the group consisting of alkali metals, alkaline 
earth metals, Group 13 elements, Group 14 elements, Group 
15 elements, transition metals, rare earth elements and 
combinations thereof). Chalcogenide compounds may also 
be used in the present invention. Non-limiting examples of 
the cathode active materials include various types of lithium 
transition metal composite oxides including lithium manga 
nese composite oxides, lithium cobalt composite oxides, 
lithium nickel composite oxides, lithium iron composite 
oxides or combinations thereof (for example, LiCoO2, 
LiNiO2, LiMnO2, LiMn2O4, LiNil_xCoxMyO2 (M=Al, Ti, 
Mg, Zr, 0<X§ l, 0§Y§0.2), LiNiXCoyMnl_X_ 
YO2(0<X§0.5, 0<Y§0.5), etc.), or lithium intercalation 
materials such as TiS2, SeO2, MoS2, FeS2, MnO2, NbSe3, 
V205, V6013, CuCl2 or mixtures thereof. 

[0039] Additionally, anode active materials may include 
any conventional anode active materials currently used in an 
anode of a conventional electrochemical device. Preferably, 
the anode active material includes materials capable of 
lithium intercalation/deintercalation, such as lithium metal, 
lithium alloys, carbon, petroleum coke, activated carbon, 
graphite or other carbonaceous materials. 

[0040] In this step, a conventional coating process cur 
rently used in the art may be used. Non-limiting examples of 
such coating processes include a solvent evaporation pro 
cess, co-precipitation process, precipitation process, sol-gel 
process, adsorption process folloWed by ?ltering, sputtering 
process, CVD (chemical vapor deposition) process, or the 
like. 
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[0041] 3) Finally, the electrode active material coated With 
the multinary precursor compounds is dried and then heat 
treated. 

[0042] There is no particular limitation in temperature and 
time used in the heat treatment. Preferably, heat treatment is 
carried out at a temperature of l00-700° C. for 1-20 hours 
(more preferably, for 2-5 hours). 

[0043] The present invention also provides an electrode 
using the electrode active material comprising a multinary 
oxide coating layer. Preferably, the electrode according to 
the present invention is a cathode. 

[0044] In order to manufacture an electrode by using the 
electrode active material comprising a multinary oxide coat 
ing layer, conventional methods knoWn to one skilled in the 
art may be used. In one embodiment of such methods, the 
electrode active material comprising a multinary oxide coat 
ing layer according to the present invention is used as 
cathode active material and/or anode active material (pref 
erably, as cathode active material). Then the electrode active 
material is mixed With a binder to provide electrode slurry 
and the resultant electrode slurry is coated and dried on a 
current collector to complete the manufacture of an elec 
trode. 

[0045] Binders that may be used include polytetra?uoro 
ethylene (PTFE), polyvinylidene ?uoride (PVdF), etc. 

[0046] There is no particular limitation in the current 
collector as long as it is formed of a conductive material. 
HoWever, particularly preferred examples of a cathode cur 
rent collector include foil formed of aluminum, nickel or a 
combination thereof. Non-limiting examples of an anode 
current collector include foil formed of copper, gold, nickel, 
copper alloys or a combination thereof. Although there is no 
particular limitation in shape and thickness of the current 
collector, it is preferable to use a current collector taking the 
form of a sheet having a currently used range of thickness 
(i.e., a thickness of 0.00l-0.5 mm). 

[0047] There is no particular limitation in selection of the 
process for applying electrode slurry to a current collector 
and conventional processes knoWn to one skilled in the art 
may be used. For example, electrode slurry may be applied 
to a current collector through a doctor blade coating, dipping 
or brushing process. Also, there is no particular limitation in 
amount of electrode slurry applied to a current collector. 
HoWever, it is preferable that electrode slurry is applied in 
such an amount as to leave an active material layer having 
a thickness of 0.005-5 mm (preferably of 0.05-2 mm) after 
the removal of a solvent or dispersant. It is a matter of course 
that there is no particular limitation in selection of the 
process for removing a solvent or dispersant. HoWever, it is 
preferable to use a process for carrying out rapid evaporation 
of a solvent or dispersant Within such a range of speed as to 
prevent cracking in the active material layer caused by 
concentration of stress or to prevent separation of the active 
material from a current collector. 

[0048] Another embodiment of the method for manufac 
turing the electrode according to the present invention 
comprises the steps of: (a) dissolving an aluminum precursor 
compound, phosphorus precursor compound and a halogen 
precursor compound into a solvent to provide a coating 
solution; (b) applying the coating solution to the surface of 
a preliminarily formed electrode, or mixing the coating 
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solution With electrode materials to provide an electrode; 
and (c) drying the electrode. HoWever, it is to be understood 
that the above-described method does not limit the scope of 
the present invention. 

[0049] More particularly, in step (b) for mixing the coating 
solution With electrode materials, an electrode active mate 
rial is mixed With the coating solution to form electrode 
slurry, and then the resultant electrode slurry is applied to a 
current collector. 

[0050] As described above, the present invention also 
provides an electrochemical device comprising a cathode, 
anode, separator interposed betWeen both electrodes and an 
electrolyte, Wherein either or both of the cathode and anode 
are the electrodes comprising the multinary oxide coating 
layer according to the present invention. 

[0051] Such electrochemical devices include any devices 
in Which electrochemical reactions occur and particular 
examples thereof include all kinds of primary batteries, 
secondary batteries, etc. 
[0052] The electrochemical device may be manufactured 
by a conventional method knoWn to one skilled in the art. 
For example, a separator is interposed betWeen a cathode 
and anode to provide an electrode assembly and then an 
electrolyte is injected thereto. 

[0053] Particularly, it is preferable that the electrochemi 
cal device is a lithium secondary battery such as a secondary 
lithium metal battery, secondary lithium ion battery, second 
ary lithium polymer battery or a secondary lithium ion 
polymer battery. 
[0054] Although there is no particular limitation in the 
separator that may be used in the present invention, it is 
preferable to use porous separators including polypropy 
lene-, polyethylene- or polyole?n-based porous separators. 

[0055] The electrolyte that may be used in the present 
invention includes a salt represented by the formula of 
A+B_, Wherein A+ represents an alkali metal cation selected 
from the group consisting of Li", Na", K+ and combinations 
thereof, and B“ represents an anion selected from the group 
consisting of P136‘, B134‘, Cl‘, Br‘, I‘, ClO4_, AS136‘, 
CH3CO2_, CF3SO3_, N(CF3SO2)2_, C(CF2SO2); and com 
binations thereof, the salt being dissolved or dissociated in 
an organic solvent selected from the group consisting of 
propylene carbonate (PC), ethylene carbonate (EC), diethyl 
carbonate (DEC), dimethyl carbonate (DMC), dipropyl car 
bonate (DPC), dimethyl sulfoxide, acetonitrile, dimethoxy 
ethane, diethoxyethane, tetrahydrofuran, N-methyl-2-pyr 
rolidone (NMP), ethylmethyl carbonate (EMC), gamma 
butyrolactone (y-butyrolactone; GBL) and mixtures thereof. 
HoWever, the electrolyte that may be used in the present 
invention is not limited to the above examples. 

[0056] Although there is no particular limitation in shape 
of the electrochemical device (preferably, lithium secondary 
battery) according to the present invention, the electro 
chemical device may have a cylindrical, coin-like, prismatic, 
or a pouch-like shape. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0057] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention. It is to be 
understood that the folloWing examples are illustrative only 
and the present invention is not limited thereto. 
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EXAMPLE 1 

[0058] 
[0059] 30 g of aluminum bromide Was dissolved in 1.0 M 
dibromomethane, 100 g of LiCoO2 powder (available from 
Nippon Chem., Co.) having a particle diameter of 10 um Was 
added thereto, and then the resultant mixture Was stirred for 
10 minutes. Next, 0.4 g of monododecyl phosphate 
(C l 2H25OPO(OH)2) Was added to the above mixture and the 
resultant mixture Was stirred continuously at a temperature 
of 30° C. for 1 hour. After stirring, the mixture in a slurry 
state Was dried completely in an oven at 100° C. for 5 hours, 
heat treated at 600° C. for 5 hours, and then cooled gradu 
ally. During the heat treatment, temperature Was increased at 
a rate of 100° C./minute. 

[0060] 
[0061] 94 Wt % of the electrode active material obtained 
from the above Example l-l, 3 Wt % of a conductive agent 
(Super P carbon black) and a binder (PVdF) Were mixed 
homogeneously and N-methylpyrrolidone (NMP) Was 
added thereto as solvent to provide homogeneous slurry. The 
slurry Was applied to one surface of aluminum foil and dried 
in a vacuum oven at 100° C. to remove Water, thereby 
providing a cathode. Lithium metal as anode, a porous 
polyethylene ?lm as separator and ED/DEC (l:l)-based 
liquid electrolyte containing lM LiPF6 Were used to manu 
facture a coin-type half battery. 

l-l. Preparation of Electrode Active Material 

l-2. Manufacture of Lithium Secondary Battery 

EXAMPLE 2 

[0062] Example 1 Was repeated to provide an electrode 
active material, a cathode using the same electrode active 
material and a coin-type battery comprising the same cath 
ode, except that 60 g of aluminum bromide and 0.8 g of 
monododecyl phosphate Were used instead of 30 g of 
aluminum bromide and 0.4 g of monododecyl phosphate, 
respectively. 

EXAMPLE 3 

[0063] Example 1 Was repeated to provide an electrode 
active material, a cathode using the same electrode active 
material and a coin-type battery comprising the same cath 
ode, except that 90 g of aluminum bromide and 1.2 g of 
monododecyl phosphate Were used instead of 30 g of 
aluminum bromide and 0.4 g of monododecyl phosphate, 
respectively. 

COMPARATIVE EXAMPLE 1 

[0064] Example 1 Was repeated to provide a cathode and 
a coin-type battery comprising the same cathode, except that 
100 g of LiCoO2 poWder (available from Nippon Chem., 
Co., particle diameter: 10 um) currently used in the art Was 
used as cathode active material. 

EXPERIMENTAL EXAMPLE 1 

Surface Analysis for Electrode Active Materials 

[0065] The folloWing experiment Was carried out With a 
transmission electron microscope (TEM) in order to evalu 
ate the surface of the electrode active material comprising a 
multinary oxide coating layer according to the present 
invention. 
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[0066] The electrode active material 
Example 1 Was used as sample. 

[0067] After the TEM analysis, it could be shoWn that the 
electrode active material according to the present invention 
included a multinary oxide coating layer comprising Al, P 
and Br, uniformly formed on the surface. Particularly, the 
multinary oxide coating layer Was formed of tWo layers, 
Wherein the surface of a coating layer adjacent to the 
electrode active material (LiCoO2) included Al, P and Br 
elements present in a crystalline form, While the outermost 
coating layer included Al, P and Br elements present as 
amorphous layer in the form of a compound. 

according to 

EXPERIMENTAL EXAMPLE 2 

Evaluation for Quality of Lithium Secondary 
Battery 

[0068] The folloWing tests Were carried out in order to 
evaluate the quality of a lithium secondary battery using the 
electrode active material comprising a multinary oxide coat 
ing layer according to the present invention. 

[0069] 2-1. Thermal Safety Test 

[0070] To determine the thermal safety of each of the 
coin-type batteries according to Example 1, Example 2 and 
Comparative Example 1, the folloWing DSC (differential 
scanning calorimetry) analysis Was performed. 

[0071] After each battery Was charged to 4.6V, electrode 
plates Were separated. Only the electrode active materials 
Were collected from the separated electrode plates and then 
sealed completely in a high-pressure sample can. Next, DSC 
analysis Was carried out by using Ql00 (available from TA 
company). During the DSC analysis, each sample Was 
scanned at a heating rate of 5° C./minute in a temperature 
range of from 40° C. to 400° C. The results are shoWn in 
FIG. 2. 

[0072] MeanWhile, thermal safety of a battery can be 
evaluated in terms of heat-emission initiation temperature 
and heat How. It is thought that a battery of good quality 
shoWs a high peak temperature, Where the maximum heat 
emission peak is present, and provides a gentle slope in heat 
?oW starting from the initiation of heat-emission. 

[0073] After the analysis, the battery according to Com 
parative Example 1, using non-coated LiCoO2 as cathode 
active material, shoWed heat-emission peaks at about 170° 
C. and 230° C. (see, FIG. 2). The peak at 170° C. indicates 
the heat emission caused by decomposition (liberation) of 
oxygen from the cathode active material and reactions 
betWeen the free oxygen and electrolyte. Additionally, the 
peak at 230° C. indicates the heat emission caused by 
combination of several factors including decomposition of 
oxygen, reactions betWeen the free oxygen and electrolyte 
and collapse of the cathode. Particularly, the highest heat 
emission peak present at 230° C. indicates that a signi?cant 
amount of heat How is generated by decomposition (libera 
tion) of oxygen and reactions betWeen the free oxygen and 
electrolyte (see, FIG. 2). Such high heat emission results 
from Weakening of C040 bonds of the LiCoO2 cathode 
active material in a charged state and decomposition of 
oxygen, folloWed by reactions betWeen the free oxygen and 
electrolyte. 
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[0074] On the contrary, the lithium secondary batteries 
according to Examples 1 and 2, each using the electrode 
active material comprising a multinary oxide coating layer 
according to the present invention, shoWed a signi?cantly 
decreased heat ?oW (see, FIG. 2). This indicates that the 
multinary oxide coating layer formed on the surface of the 
cathode active material inhibits liberation of oxygen by 
virtue of its strong bonding force to oxygen even under a loW 
content of lithium ions in a charged state, and thus ef?ciently 
prevents a rapid increase in temperature caused by a reaction 
of betWeen the free oxygen and electrolyte. 

[0075] As can be seen from the above results, the electrode 
active material comprising a multinary oxide coating layer 
according to the present invention shoWs excellent thermal 
safety. 
[0076] 2-2. Test for Battery Capacity 

[0077] The folloWing test Was performed to measure the 
capacity for each of the lithium secondary batteries using the 
electrode active material comprising a multinary oxide coat 
ing layer according to Examples 1 to 3. As control, the 
battery according to Comparative Example 1, using non 
coated LiCoO2 as cathode active material, Was used. 

[0078] Each battery Was subjected to a charge/discharge 
cycle at 0.1 C in a voltage range of betWeen 3V and 4.6V and 
then to 30 charge/discharge cycles at 1 C. The results are 
shoWn in the folloWing Table 1. 

[0079] After the test, the battery using a conventional 
cathode active material according to Comparative Example 
1 shoWed an initial charge/discharge capacity similar to that 
of each battery according to Examples 1 to 3. HoWever, the 
battery according to Comparative Example 1 shoWed a rapid 
drop in discharge capacity during repeated charge/ discharge 
cycles. On the contrary, the batteries according to Examples 
1 to 3 shoWed a signi?cant high discharge capacity and 
capacity maintenance even after 30 charge/discharge cycles 
at 1 C (see, Table 1), While shoWing an initial charge/ 
discharge capacity similar to that of the battery according to 
Comparative Example 1. This indicates that the multinary 
oxide coating layer formed on the surface of electrode active 
material can improve the structural stability of an electrode. 

[0080] As can be seen from the above results, the electrode 
active material comprising a multinary oxide coating layer 
according to the present invention improves the structural 
stability of an electrode, and thus provides a battery With 
high capacity and long service life. 

TABLE 1 

0.1 C discharge 1 C initial 1 C capacity 
capacity capacity after 30 cycles 

Battery (mAh/g) (mAh/g) (mAh/g) 

Ex. 1 215 185 170 
Ex. 2 215 190 175 
Ex. 3 212 190 175 
Comp. Ex. 1 212 170 100 

INDUSTRIAL APPLICABILITY 

[0081] As can be seen from the foregoing, the electrode 
active material according to the present invention comprises 
a multinary oxide coating layer comprising Al, P and a 
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halogen element, the coating layer being partially or totally 
formed on the surface of a conventional electrode active 
material. By virtue of the multinary oxide coating layer, it is 
possible to improve the structural stability of an electrode so 
as to permit high-voltage charging/discharging and to 
improve the thermal safety of the electrode active material, 
resulting in improvement in the safety of a battery under heat 
exposure conditions. Therefore, the present invention can 
provide an electrochemical device having high capacity, 
long service life and excellent safety. 

[0082] While this invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodiment 
and the draWings. On the contrary, it is intended to cover 
various modi?cations and variations Within the spirit and 
scope of the appended claims. 

1. An electrode active material comprising: 

(a) electrode active material particles capable of lithium 
intercalation/deintercalation; and 

(b) a multinary oxide coating layer partially or totally 
formed on the surface of the electrode active material 
particles, the multinary oxide coating layer comprising 
Al, P and a halogen element. 

2. The electrode active material according to claim 1, 
Wherein the multinary oxide coating layer comprises a 
compound represented by the folloWing formula 1: 

AlHPaXbOMJ [Formula 1] 

Wherein X is a halogen element, 0<a<1 and 0<b<1. 
3. The electrode active material according to claim 1, 

Wherein the multinary oxide coating layer is in an amor 
phous form, crystalline form or a mixed form thereof. 

4. The electrode active material according to claim 1, 
Wherein the multinary oxide coating layer is used in an 
amount of 0.1-10 parts by Weight per 100 parts by Weight of 
the electrode active material. 

5. An electrode comprising the electrode active material, 
Wherein the electrode active material comprises (a) electrode 
active material particles capable of lithium intercalation/ 
deintercalation; and (b) a multinary oxide coating layer 
partially or totally formed on the surface of the electrode 
active material particles, the multinary oxide coating layer 
comprising Al, P and a halogen element. 

6. The electrode according to claim 5, Wherein the mul 
tinary oxide coating layer comprises a compound repre 
sented by the folloWing formula 1: 

AlHPaXbOMJ [Formula 1] 

Wherein X is a halogen element, 0<a<1 and 0<b<1. 
7. The electrode according to claim 5, Wherein the mul 

tinary oxide coating layer is in an amorphous form, crys 
talline form or a mixed form thereof. 

8. The electrode according to claim 5, Wherein the mul 
tinary oxide coating layer is used in an amount of 0.1-10 
parts by Weight per 100 parts by Weight of the electrode 
active material. 

9. The electrode according to claim 5, Which is a cathode. 
10. An electrochemical device comprising a cathode, 

anode, separator and an electrolyte, Wherein either or both of 
the cathode and anode are the electrodes comprising the 
electrode active material, comprising (a) electrode active 
material particles capable of lithium intercalation/deinterca 
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lation; and (b) a multinary oxide coating layer partially or 
totally formed on the surface of the electrode active material 
particles, the multinary oxide coating layer comprising Al, P 
and a halogen element. 

11. The electrochemical device according to claim 10, 
Wherein the multinary oxide coating layer comprises a 
compound represented by the folloWing formula 1: 

Al 1,aPaXbO4,b [Formula 1] 

Wherein X is a halogen element, 0<a<l and 0<b<l. 
12. The electrochemical device according to claim 10, 

Wherein the multinary oxide coating layer is in an amor 
phous form, crystalline form or a mixed form thereof. 

13. The electrochemical device according to claim 10, 
Wherein the multinary oxide coating layer is used in an 
amount of 0.1-10 parts by Weight per 100 parts by Weight of 
the electrode active material. 

14. The electrochemical device according to claim 10, 
Which is a lithium secondary battery. 

15. A method for preparing the electrode active material 
as de?ned in claim 1, Which comprises the steps of: 

(a) dissolving an aluminum precursor compound, phos 
phorus precursor compound and a halogen precursor 
compound into a solvent to provide a coating solution; 
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(b) adding electrode active material particles to the coat 
ing solution obtained from step (a) and stirring the 
resultant mixture to cause the electrode active materials 
to be coated With the coating solution; and 

(c) heat treating the electrode active material coated in 
step (b). 

16. A method for manufacturing an electrode comprising 
a multinary oxide coating layer, Which comprises the steps 
of: 

(a) dissolving an aluminum precursor compound, phos 
phorus precursor compound and a halogen precursor 
compound into a solvent to provide a coating solution; 

(b) applying the coating solution to the surface of a 
pre-formed electrode, or mixing the coating solution 
With electrode materials to provide an electrode; and 

(c) drying the electrode. 
17. The method according to claim 16, Wherein step (b) of 

mixing the coating solution With electrode materials is 
carried out by mixing the coating solution With an electrode 
active material to form electrode slurry and applying the 
resultant electrode slurry to a current collector. 

* * * * * 


